Although it is well-documented that there are age differences between young and older adults in neural activity associated with successful memory formation (positive subsequent memory effects), little is known about how this activation differs across the lifespan, as few studies have included middle-aged adults. The present study investigated the effect of age on neural activity during episodic encoding using a cross-sectional lifespan sample (20-79 years old, N ¼192) from the Dallas Lifespan Brain Study. We report four major findings. First, in a contrast of remembered vs. forgotten items, a decrease in neural activity occurred with age in bilateral occipito-temporo-parietal regions. Second, when we contrasted forgotten with remembered items (negative subsequent memory), the primary difference was found between middle and older ages. Third, there was evidence for age equivalence in hippocampal regions, congruent with previous studies. Finally, low-memory-performers showed negative subsequent memory differences by middle age, whereas high memory performers did not demonstrate these differences until older age. Taken together, these findings delineate the importance of a lifespan approach to understanding neurocognitive aging and, in particular, the importance of a middle-age sample in revealing different trajectories.
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Introduction
Previous studies comparing young and older adults have demonstrated age differences in neural activity associated with successful memory formation. However, extreme age group comparisons provide little information about estimates of when in life neural differences begin to occur, and what kinds of neural changes are associated with differences in memory formation in different stages of life. These are important issues, as interventions designed to treat cognitive dysfunction may be most effective when age-related memory changes first appear (cf., Smith et al., 2009) . A common fMRI procedure used to study neural activity associated with memory encoding is the subsequent memory procedure, in which encoding items are sorted into remembered items (presented items correctly recognized later) and forgotten items (presented items identified as not presented at recognition). Activation associated with successful encoding is obtained by the contrast of remembered vs. forgotten items. The present study utilizes a subsequent memory fMRI paradigm in a large crosssectional lifespan sample of adults from age 20 to 79 to understand how neural activity associated with encoding varies across the lifespan.
Dissociating changes in neural activity from age-related cognitive differences in memory can be difficult. Behavioral memory performance can differ so substantially between younger and older adults that it is hard to interpret age differences in evoked BOLD response. Scene encoding, however, tends to exhibit relatively equivalent memory performance with age because recognition of pictures is largely age-invariant (Bartlett & Fulton, 1991; Craik & Jennings, 1992; Park, Puglisi, & Smith, 1986; Park, Puglisi, & Sovacool, 1983; Smith, Park, Cherry, & Berkovsky, 1990) . For that reason, scenes have been used in the memory literature to study neural differences in encoding, with comparisons of children to young adults (Chai, Ofen, Jacobs, & Gabrieli, 2010; Ofen et al., 2007) and young adults to older adults (Gutchess et al., 2005) . We adopted the stimuli used in the Gutchess et al. study in order to examine the effect of age on memory across the lifespan.
Early studies employing the subsequent memory paradigm in young adults demonstrated that activity in the prefrontal cortex and the medial temporal lobe predicted the formation of successful memory (Brewer, Zhao, Desmond, Glover, & Gabrieli, 1998; Kirchhoff, Wagner, Maril, & Stern, 2000; Wagner et al., 1998 
